ABSTRACT -In this study, the effect of rootstock on grafting through metabolomic analysis of latex
INTRODUCTION
Latex can be defined as a stable colloidal dispersion of a polymeric substance (rubber particles) in an essentially aqueous medium. Other minor compounds are present in latex composition such as proteins, carbohydrates, lipids, mineral salts, etc. Latex shows a distinct concentration in its chemical composition that depends of a lot of factors such as cultivation, soil, fertilizer and extraction procedure. Due to its intrinsic structure, latex possesses unique properties, being used in several industrial processes (Rippel and Bragança 2009) .
Natural latex is extracted from Hevea brasiliensis, a tree also known as seringueira. Among the 11 Hevea existing species, the brasiliensis is the most outstanding, presenting the highest latex yield and genetic variability for disease resistance (Rippel and Bragança 2009 ). Due to its great vegetative and productive variability, seringueira seeds are used only for rootstock formation in nurseries and not for field plantations. Thus, plant propagation is preferentially made by grafting, using well defined clones, such as PB 235, RRIM 600 and GT 1. Grafting does not guarantee that the graft of a monoclonal block will be isogenic; in most rubber trees such expected uniformity by vegetative propagation does not occur (Cardinal et al. 2007 ).
Metabolomic analysis is defined as the identification and quantification of all metabolites in a biological system. In practice, most metabolomic studies are restricted to the use of analytical techniques capable of providing a general Effect of rootstock on the scion of Hevea brasiliensis through metabolomic analysis of latex samples by 1 H NMR view of the metabolites, thus producing a metabolic fingerprinting of the system. Plant metabolomics is defined as the application of this concept to a specific system, a plant cultivated under defined conditions. In this case, the objective is to provide a broad view of the metabolic state of the plant, and show how the variation of this metabolic pattern affects the system under study (Weckwerth 2003 , Schripsema 2010 . Several detection techniques have been used for metabolomic analysis, with the most outstanding being mass spectrometry (MS) and nuclear magnetic resonance (NMR) (Jonsson et al. 2004 , Dunn et al. 2005 . These techniques can be used directly or hyphenated to separation systems, such as liquid or gas chromatography. The main advantage of MS is its high sensitivity and capacity to detect hundreds of metabolites in a single run. NMR stands out for its reproducibility, short analysis time and mainly, for its structural identification capacity.
NMR is based on the principle that nuclei of certain atoms, when placed in a magnetic field, are capable of absorbing electromagnetic radiation at a characteristic frequency depending upon the position of each nucleus in a molecule. This radiation is later emitted and detected, producing a resonance spectrum of the nuclei that were excited (Jacobsen 2007) . The large amount of information in a 1 H NMR, i.e., dozens of compounds that can be detected and which, in turn, present hundreds of resonance frequencies, makes its analysis quite laborious. Often these spectra contain information not very well perceived through a simple visual inspection. Thus, the use of statistical computational programs has helped to obtain these results, with multivariate data analysis being a widely applied strategy (Taylor et al. 2002, Katajamaa and Oresic 2007) .
The objective of this study was to evaluate the influence of rootstock on grafting through metabolomic analysis of latex samples (Hevea brasiliensis) by 1 H NMR combined with multivariate data analysis.
MATERIALS AND METHODS

Experimental design for collection of the latex samples
The samples were collected at the former Pindorama Experimental Station of the Agronomic Institute (IAC), known today as 'Polo Regional de Desenvolvimento Tecnológico dos Agronegócios do Centro-Norte da Agência Paulista de Tecnologia dos Agronegócios' (APTA), in Pindorama, São Paulo (Cardinal et al. 2007 ).
Two Hevea clones (viz.RRIM 600 and GT 1) and two Hevea rootstocks (viz. RRIM 600 and GT 1) were combined to give four combinations. The illegitimate seeds for the rooststoks were collected in the border of monoclonal blocks sizing at least 2.0 ha. The sections (clones) were collected from the budwood stock nursery in Pindorama. Thee seeds were germinated in pre-nursery and transferred to polybags. One year later, the rootstocks raised in the polybags were budgrafted with the two clonal materials (sections). Each of two rootstocks and two scions were built up four combinations (Table 1) . Table 1 . Experimental design of the collected latex samples a Rootstock latex samples were taken from the graft samples studied. b RIMM 600 (Tijir 1 x PB 86).
c GT1 (primary clone). x: present; -: absent.
When the four scion-rootstock combinations were 20 year old, a total of 24 latex samples were collected and analyzed in this study. Eight tappings (two each one) were performed in the rootstocks (RRIM 600 and GT 1) of the combinations. The other sixteen samples collected consisted of eight samples of latex RRIM 600 scions (four RRIM 600 scions grafted on RRIM 600 rootstocks) and four RRIM 600 scions grafted on GT 1 rootstocks), and eight samples of latex GT 1 scions (four GT 1 scions grafted on RRIM 600 and four GT scion grafted on GT 1 rootstocks). The RR and GG group samples can be considered as controls since the rootstock and the graft belong to the same type of clone. Aiming to obtain homogenous samples, plantation border effects were eliminated.
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stage, all data were autoscaled. For matrix construction, the regions referring to the water, polyisoprene, and TMSPd 4 signal were removed. The algorithm used in the multivariate analyses was PCA (Principal Component Analyses) (Beebe et al. 1998) .
RESULTS AND DISCUSSION
Metabolic profile
A typical 1 H NMR spectrum of a latex sample is shown in Figure 1 . The metabolites were assigned according to literature (Sobolev et al. 2005) and through the analyses of bi-dimensional spectra gCOSY and J-res (Figure 2). Table 2 lists the metabolites identified in the latex samples along with their respective chemical shifts.
Preparation of the latex samples
The trees were tapped according to the ½ S d/4 5d/7, ET 2.5 %, 8/y system (half spiral cut, tapped twice a week), and stimulated with 2.5 % Ethefon applied on the tapping panel.
The latex samples were prepared by adding 500 mL of D 2 O to a 500 mg sample. The D 2 O solution was prepared by adding a known amount of the internal standard TMSPd 4 [2,2,3,3-d4-(3-trimethylsilyl)-sodium propionate]. The samples were centrifuged for 10 min at 10,000 rpm at room temperature. Centrifugation separates the sample into four well-defined fractions, as described in the literature (Cook and Sekhar 1955) . The intermediary fraction corresponds to latex cytosol. For NMR analyses, 600 mL of the intermediary fraction was collected and transferred into a 5 mm NMR tube.
NMR analyses
NMR measurements were performed on a Bruker Avance III Nanobay 9.4 T (400.13 MHz for hydrogen frequency) spectrometer placed at the NMR Laboratory of the Chemistry Department -Universidade Federal de São Carlos. The determinations were made with a BBFO 5imm probe (direct detection) with field gradient generating coils in the z coordinate.
All the spectra were acquired at 303K, using the presaturation pulse sequence NOESYGPPR1D to suppress the residual water signal. Sixty-four scans (ns) were accumulated, with a delay time between each acquisition of 4 s (d1), acquisition time of 3.98 s (aq) with 64 Kb points during acquisition (td), and presaturation pulse attenuation of 41.40 dB (pldb9). The mixture time used was 10 ms (d8) and 90º pulse duration was 9.98 ms (p1). Spectra processing were carried out with 64 Kb points (si), using an exponential multiplication with lb = 0.3 Hz and manual phase correction.
Bi-dimensional gCOSY and J-res spectra were obtained using the pulse sequences cosygpprqf and lcjrespr, spectral width (swh) in F1 8012 and 50, and td in F1 of 256 and 128, respectively. The following parameters were the same for the two measurements: ns = 16, d1 = 2 s, td in F2 of 4 Kb and swh in F2 8012. Spectra processing were carried out with 4 Kb points in F2 and 1 Kb points in F1 (si).
Multivariate analyses
Multivariate data analyses were carried out using the software The Unscrambler ® v. 9.7. At the preprocessing Sixteen metabolites were identified in the latex cytosol. As observed in Figure 1 , the metabolite present in the highest amount (signals in the range of 3.0 to 4.0 ppm) is quebrachitol (2-O-methyl-l-inositol), a cyclic polyol Effect of rootstock on the scion of Hevea brasiliensis through metabolomic analysis of latex samples by 1 H NMR stereoisomer of inositol. Quebrachitol is produced in the laticiferous cytoplasm, and its concentration in the latex is in the range of 1.2 % (m/v). Its participation in latex synthesis is not completely known yet, however quebrachitol contributes significantly to the formation and maintenance of the laticiferous turgor pressure (Dusotoit-Coucaud 2010). The two broad signals in the region of 1.1 to 2.3 ppm and the signal at 5.1 ppm are residual signals of polyisoprene that could not be completely removed during the centrifugation step. The region from 1.0 to 3.0 ppm is characteristic of amino acids, however these signals could not be assigned due to the presence of the residual signals of polyisoprene. Three nitrogenated compounds were identified. One of these is trigonelin with characteristic signals in the hetero aromatics region (8.0 to 9.2 ppm). Trigonelin is an N-methyl betaine present in plants such as coffee, tomato and potato (Ky et al. 2001 , Le Gall et al. 2003 , Defernez et al. 2004 . Its presence in latex samples has been reported (Shrestha and Bisset 1991) , but its function is unknown. Other classes of compounds, such as organic acids and sugars, were also identified.
Multivariate data analyses and quantification
Multivariate data analyses allow the visualization of a variation pattern intrinsic to the dataset. This variation pattern cannot be verified just by comparing the spectra, due to a large number of signals originated from the metabolites present in the sample. An exploratory analysis of the data was performed using the PCA algorithm. PCA analyses allow visualization of groups formed by samples with the same metabolic profile. Figure 3a presents the score plot of RR and GG latex samples. The sum of the values obtained for the first three principal components (PC1 (39 %), PC2 (19 %) and PC3 (14 %)) explained 72 % of the total variation in the data set. As it can be seen, there is a strong tendency of clustering between samples of the group RR and group GG. The loading plot (Figure 3b) shows the spectra regions that most contributed, in the first principal component, for the separation obtained. According to Figure 3b , the metabolites that most contributed for the separation obtained were formate (8.46 ppm), sucrose (5.41 ppm) and the signals of the metabolites 21 (8.62 ppm), 14 (4.23 ppm), 13 (4.21 ppm), 12 (3.83 ppm) and 11 (3.68 ppm), which were not identified.
To verify the influence of rootstock on grafting, a new PCA analysis was conducted considering groups RR, GG, RG and GR. Figure 3c presents the score plot of this analyses and the sum of the values obtained for the three principal components [PC1 (32 %), PC2 (20 %) and PC3 (11 %)] explained 63 % of the total variance in the data set. In Figure 3c , the formation of groups for samples RR and GG was again observed, according to the previous analyses (Figure 3a) . The RG group samples present a strong ESP Nascimento et al.
tendency to cluster with the RR and GG groups, while the GR group samples cluster preferentially with the RR group samples. The loading plot for the RR, GG, RG and GR samples is presented in Figure 3d . The same signals responsible for the separation of the RR and GG samples are also found to have a strong influence on this separation.
To verify the variability of metabolites in the different latex samples, a relative quantification was carried out for sucrose and formate, important compounds for the separation of groups for PCA analysis, and quebrachitol (Table 3 ). The considerations done below are based only on the average values of the metabolites found for each group, since the number of samples is not sufficient to provide significant information through a univariate statistical analysis. In general, no significant variation was observed in the quebrachitol content among the grafting latex samples. This information is observed in the loading plots of the PCA analyses, as this metabolite had no influence on the separations obtained. The GG group samples presented higher amounts of sucrose and formate than the RR group samples. The difference in the concentration of these metabolites explains the good separation obtained in the PCA analyses. The GR group samples presented amounts of sucrose and formate similar to those of the RR group, indicating why these samples cluster in the PCA analyses (Figure 3c ). The RG group samples presented intermediary sucrose and formate values, the reason why this group is between the RR and the GG group.
Rootstock samples CR01 and CR02 presented higher amounts of sucrose and lower amounts of quebrachitol, compared to the samples of the same group CR03 and CR04. This difference can be explained by the fact that the samples CR01 and CR02 were grafted with clone GT 1, whereas the samples CR03 and CR04 were grafted with RRIM 600, indicating a possible influence of grafting on rootstock. The rootstock samples CG06 and CG07 grafted with GT 1 presented higher amounts of sucrose, compared to sample CG05, grafted with RRIM600. In general, it was observed that the rootstock samples grafted with GT 1 presented higher sucrose amounts than those grafted with RRIM 600.
CONCLUSIONS
Nuclear magnetic resonance ( 1 H NMR and bidimensional spectra) was an important tool for identification and relative quantification of the main metabolites in latex samples. 1 H NMR data, combined with multivariate analyses, allowed distinguishing among the latex samples in groups according to rootstock and grafting. Determination of relative amounts of sucrose and formate in the latex samples, along with identification of the unknown metabolites presented in this study, could help future correlation of metabolites in latex and rubber production through determination of their respective biochemical functions. 
